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Investigations in the Use of Nitrate of 
Soda for Field Crops 
M. F. MILLER AND R. L. LOVVORN* 
The increased interest in nitrogen fertilizers warrants thor-
·oughgoing inves:tigations into their use for general crops in the 
corn belt. Much invC'stigati'onal work has been done with such 
fertilizers in relation to cotton, fruit and truck crops, but because of 
the comparatively low acre value of most corn belt crops, as well 
as the comparatively high nitrogen conten:t of the soils, little has 
been done on corn bdt farms . This is an unfortunate! condition 
since the increased production of nitrogen f1ertilizers and the re-
sulting decrease in price is causing farmers to ask for information 
as to the value of such fertilizers in corn bdt agriculture. The in-
vestigations reported in this publication were begun in 1927 and 
were made possible by a grant from the Chilean Nitrate of Soda 
Educational Bureaut. This grant was continued through five years 
and this report summarizes the results of the investigations carried 
out during that period. 
No attempt has been made in this publication to review the 
great amount of literature dealing with the subject of nitrogen 
fertilization.' However, a bibliography of the more recent publica-
tions in English dealing with corn, wheat, timothy and pasture fer-
tilization is appended. 
PLAN OF INVESTIGATION 
The investigation as outlinecl consistedl of four distinct parts, 
field investigations with general farm crops, pasture investigations, 
greenhouse investigations, and special investigations on the possi-
bility of increasing the protein content of forage crops. 
General Field Investigations.-The field investigations were 
carried out primarily on three specially selectecl soil experiment 
fields representing three distinct soil types of varying degrees of 
fertility. The type having the highest degree of fertility was the 
Marshall silt loam, a daJrk soil 12 to 15 inches deep with a readily 
permeable subsoil and well suited to the production of corn and 
other staple crops. It is one of the best upland corn soils in the 
corn belt states. The field originally selected for thei investigations 
was located' near the town of Marshall, but it was found impossible 
to continue the work on this field longer than one year; conse-
quently another fidd was located near the tOWll of Roanoke, which 
was used throughout the remainder of the period. The particular 
phase of the Marshall silt loam at Roanoke was not quite so fertile 
*R. L. Lovvorn, Nitrate of Soda Fellow. Other men who have held the Nitrate of Soda 
Fellowship and assisted in these investigations are R. D. Hockensmith and J. F. Lutz. 
tAcknowledgment is made of the generosity of the Chilean Nitrate of Soda Educational 
Bureau in making possible this investigation. 
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as the average of this type in the State, but it was good land and 
answered the purpose quite satisfactorily. This soil has a produc-
tive capacity of about 40 to 45 bushels of corn under fair manage-
ment. 
The field located on land of medium fertility was on the Put-
nam silt loam near Williamsburg. This soil is a level prairie type 
with a dark gray surface soil about 9 inches deep and with a very 
tight flubsoil extending from about 15 to 30 inches. It is used as 
a general farming soil and has a productive capacity of around 
30 to 35 bushels of corn under reasonably good management. It 
represents a large area in northeastern Missouri. 
The field located on the soil of lowest grade was laid out on 
the Union silt loam near Jefferson City. This soil has a gray-
brow;n surface soil about 8 inchies deep with a moderately compact 
subsoil and a productive capacity of around 25 bushels of corn. It 
represents a considerable area of land in the border Ozark Region 
of Missouri and is quite generally under cultivation. 
Each field' was carefully plotted to provide for the proposed 
treatments and the farmer on whose land the field was located was 
'hired to do the field work under the direction of a repres'entative 
of the College of Agriculture. The fields were fenced to pro:tect 
them from stock and ev:,ery effort was made to have the farmer 
carry out the investigations carefully so as to avoid irregularities. 
The college representative was present when anything of impor-
tance was done on the field, such as fertilizing, planting, harvesting 
or weighing. The cropping system selected for each of these fidds 
was one of corn, wheat and timothy hay. Clover and other leg-
umes were purposely omitted in order to avoid the influence of 
legumes on the nitrogen supply and therefore the yield of crops. 
By this means it was possible to secure definite data as to the' ef-
fect of the nitra1)e of soda applications. In this rotation the corn 
was cut, weighed and removed from the field after which the land 
was thoroughly disked and harrowed in preparation for wheat. The 
timcrthy was sown with the wheat in the fall and both wheat and 
timothy crops were removed. The timothy sod remained over 
winter and was plowed' in the spring for corn. 
Each field was divided into three ranges of ten plots each, so 
that each of the three crops was represented on one range each 
. year, rotating in the usual manner. The order of plot treatment on 
all three ranges was identical and the plan of treatment is given 
on the opposite page. 
It will be observed that the plan provided for liberal applica-
tions of phosporus and potassium, in most instances, supplementing 
these with nitrogen through the use of nitrate of soda which was ap-
plied either in a fertilizer mixtul,'"e or as a side or top dressing. An 
attempt was made to apply the side and top dressings at such times 
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PLAN OF PLOT TREATMENTS 
Plot Corn Wheat Timothy 
1 No treatment No treatme nt No treatment 
2 300 lb • . 0-12-4 200 lb •. 0-12-4 200 lbs . 0-12-4 
3 300 lb •. 4-12-4 200 lb •. 4--12-4 200 lbs . 6-12-4 
4 No treatment No treatment No treatment 
5 300 lb •. 0·12-4, 50 lb •. sodium 200 lb •. 0-12-4, 50 lbs. sodium 50 lb • . sodium nitrate, as top 
nitrate, as side dressing nitrate, a$ top dressing dressing 
6 300 lb •. 0-12-4, 100 Ibs . so- 200 lbs. 4-12-4, 50 Ibs .• odium 100 Ibs. sodium nitrate, as top 
~:iium nitrate, as side dress- nitrate, as top dressing dressing 
mg 
7 No treatment No treatment No treatment 
8 50 Ibs. sodium nitrate, as side 200 Ib~. 4-12-4, 100 lb •. sodium 150 lb •. sodium nitrate, as top 
dressing nitrate, as tap dressing dressing 
9 100 Ibs . sodium nitrate, as side 200 Ibs. 4-12-4, 150 Ibs .• odium 200 lb •. 6-12-0 
dressing nitrate, as top dressing 
10 No treatment No treatment INo treatment 
as to give maximum returns_ The total fertilizer applications aver-
aged somewhat higher than normal for Missouri conditions, the 
annual treatments ranging from 165 to 250 pounds_ The fertilizer 
ratio of 1-3-1, which was used in most cases where the complete 
fertilizer was applied, is a standard ratio r,ecommended for Missouri 
usage. 
It was not found practical in carrying out these experiments 
through farmers to use replications. However, the plan provided 
for an untreated or check plot every third one, and in calculating the 
increase in yields from the treatments the method of interpolation 
was used in securing the probable untreated yield of fertilized plots. 
EXPERIMENTS WITH CORN 
The five-year pe'riocl, 1927' to 1 n:n, included some very unfavor-
able years for corn, especially the years 1929 and 1930. As a con-
sequence complete failures occurred on two fields on these years 
and they are omitted from the corn averages. The yields of corn 
and stover resulting from the various treatments are shown for the 
three fields separately in Tables 1, 2 and 3 (Also Figures 1 and 2) . 
TABLE I.-THE EFFECT OF FERTILIZER TREATMENT ON THE YIELD OF CORN. 
ROANOKE FIELD. (MARSHALL SILT LOAM) 
Pound. 
Bushel. per Increase stover per Increase 
acre; 4 year due to acre; 3 year due to 
Plot Treatment ;tverage treatment average treatment 
1 Check- ____________________________ 44 . 5 1872 
2 300 lb •. 0-12-4 _________________ __ __ 47.5 4.7 2079 273 
3 300 Ibs. 4-12-4 ____________________ _ 47.0 5.9 1872 133 
4 Check ______ _______________________ 39.4 1672 
5 300 lb •. 0-12-4, 50 lb,. nitrate _______ _ 47.7 7.5 2015 277 
6 300 lb •• 0-12-4,100 Ibs. nitrate _______ 51.4 10 .4 2210 406 
7 ChecK- _________________________ - - 41.9 1870 
8 50 lbs. nitrate ______________________ 44.6 4.2 1932 90 
9 100 lbs. nitrate ___ _______ _____ __ ____ 46.9 8.0 2041 228 
10 Chtck __________________ _____ - _ - - -- 37.4 1784 
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TABLE 2.-THE EFFECT OF FERTILIZER TREATMENT ON THE YIELD OF CORN. 
WILLIAMSBURG FIELD (PUTNAM SILT LOAM) 
Pound, 
Plot Treatment 
Bu,hel. per Increase stover per Increase 
acre; 3 year due to acre; 4year due to 
average treatment average treatment 
1 Check ____________________________ _ 21.4 1788 2 300 lbo. 0-12-4 ____________________ _ 26.4 3.7 2154 311 3 300 lb •. 4-12-4- ___________________ _ 32.3 8.3 2211 313 4 Check ____________________________ _ 25.4 1952 
33.6 7.7 2218 222 
37.4 11.0 2228 188 
27.0 2.084 
5 300 lbo. 0-12-4, 50 lb •. nitrate _______ _ 
6 300 lb •. 0-12-4, 100 lb •. nitrate ______ _ 7 Check ____________________________ _ 
8 50 lb, . nitrate. ____________________ _ 31.2 3.1 2215 137 9 100 lb •. nitrate ____________________ _ 33.0 3.8 2273 202 10 Check __________________________ - __ 30.3 2064 
TABLE 3.-THE EFFECT OF FERTILIZER TREATMENT ON THE YIELD OF CORN. 
JEFFERSON CITY FIELD (UNION SILT LOAM) 
Plot 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
" .. 
" 
Treatment 
Check __ . __________________________ 
300 lb •. 0-12-4- ____________________ 
300 lb •. 4-12-4- ____________________ 
Check _____________________________ 
300 lb •. 0-12-4, 50 lb •. nitrate ________ 
300 lb •. 0-12-4, 100 lb,. nitrate _______ Check _____________________ -_ -- ---
50 lb •. nitrate ______________________ 
100 lb,. nitrate _____________________ 
Check. _______________________ -- ---
5l! 
48 
40 
Buohel. per 
acre; 4 year 
average 
25.4 
29.7 
33.5 
26.4 
33.3 
37.8 
29.4 
32.9 
36.7 
26.8 
-< 36 
.. 
'" 
'" e 
832 
VI 
.... 
" ~ g 28 
24 
20 
-----Marshall silt loam 
___ Putnam silt loam 
_______ Un1on silt loam 
1 2 3 4 5 tI 7 6 g 10 
Plot 
Pound, 
Increase stover per Increase 
due to acre; 4year due to 
treatment average treatment 
2181 
4.0 2398 216 
7 . 5 2549 367 
2183 
5.9 2445 281 
9.4 2434 330 
2124 
4 . 3 1945 -101 
8.7 2041 74 
1888 
Fig. 1.-Effect of Nitrate 
Fertilizer on Yield of Ear 
Corn (4 yr. avg.) 
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Fig. 2.-Effect of Nitrate 
on Yield of Corn Stover (4 
yr. avg.) 
Comparing the average increases from the nitrogen it will be 
seen that they were significant, although not particularly large. 
Rather peculiarly, some of the: best returns from nitrogen were se-
cured when the nitrate was applied alone as a side dressing. This 
was particularly true with the grain although this effect was not so 
pronounced on the stover. As a matter of fact, the influence of 
nitrogen in whatever combination used was generally lesS; on the 
stover than on the grain. 
The nitrogen content of the corn and stover was determined 
for two or three y,ears of the five and the protein: calculated*, as 
shown in Tables 4, 5, and 6. (See Figure 3). It will be observed 
TABLE 4. -THE EFFECT OF FERTILIZER TREATMENT ON THE PROTEIN CONTENT OF 
CORN. ROANOKE FIELD (MARSHALL SILT LOAM) 
Grain Stover 
3 year average 2 year average Totollb •. N 
removed 
Plot Treatment %N % protein %N % protein per acre 
1 Check ________________________ 1.48 8.44 .944 5.90 72.30 
2 300 lb •. 0-12-4 _________________ 1.48 8.47 .905 5.66 73.76 
3 300 lb •. 4-12-4 _____________ ____ 1,47 8.38 . 880 5.50 69.88 
4 Check _________________________ 1.54 8.77 .868 5.43 60.68 
5 300 lb •. 0-12-4,50 lb •. nitrate ____ 1.47 8.36 .995 6.22 71.50 
6 300 lb •. 0-124, 100 lb •. nitrate ___ 1.54 8. 80 .841 5.26 77 . 78 
7 Check _________________________ 1.53 8.69 .817 5.11 66.03 
8 50 lb •. nitrate __________________ 1.58 9.03 .995 6.22 76.29 
9 100 lb •. nitrate _________________ 1.51 8.62 .896 5.60 76.01 
10 Check _________________________ 1.54 8.75 .872 l 5.45 62.01 
*The protein in all corn and wheat grain was figured by multiplying.the nitrogen by 5.70, 
that in stalks, straw, hay and grass by 6.25 . 
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TABLE S.-THE EFFECT OF FERTILIZER TREATMENT ON THE PROTEIN CONTENT OF 
CORN. WILLIAMSBURG FIELD (PUTNAM SILT LOAM) 
Grain Stover Total 
2 year average 2 year average pound. N 
Plot Treatment removed 
%N % protein %N % protein per acre 
1 Check _________________________ 1.53 8.72 . 963 6.02 38.60 
2 300 lb •. 0-12-4 _________________ 1. 23 7.06 .497 3.11 36.21 
3 300 lb •. 4-12-4 _________________ 1.40 7.99 .587 3.67 48.19 
4 Check ________ c ________________ 1.50 8.57 .660 4.13 42.36 
5 300 lb •• 0-12-4, 50 lb •. nitrate ____ 1.29 7.40 .574 3.59 47.19 
6 300 lb •. 4-12-4. 100 lb •. nitrate ___ 1. 63 9.31 .753 4 .. 7I 62.24 
7 Check _________________________ 1.41 8 . 04 .641 4 .01 41 .04 
8 50 lb •. nitrate __________________ 1.48 8.47 .684 4.28 47.42 
9 100 lb •. nitrate _________________ 1.54 8.82 .739 4.62 52.96 
10 Check _________________________ 1.46 8.34 .636 3.98 46.44 
TABLE 6.1.-THE EFFECT OF FERTILIZER TREATMENT ON THE PROTEIN CONTENT OF 
Plot 
1 
3 
3 
4 
5 
6 
7 
8 
9 
10 
, CORN. JEFFERSON CITY FIELD (UNION SILT LOAM) 
Treatment 
Check _________________________ 
300 lb •. 0-12-4 _________________ 
300 lb •. 4-12-4 _________________ 
Check _____________________ ____ 
300 lb •. 0-12-4, 50 lb •. nitrate ____ 
300 lb •. 0-12-4. 100 lb •. nitrate ___ Check. ________________________ 
50 lb •. nitrate __________________ 
100 lb •. nitrate _________________ 
Check _________________________ 
6 
~6 
" o 
... 
" "'5 
4 
Grain Stover 
3 year average 3 year average 
%N % protein %N % protein 
1.41 8.07 .620 
1.40 7.99 .521 
1.28 7.30 .737 
1. 37 7.83 .636 
1. 31 7.51 .600 
1. 51 8.66 .782 
1.46 8.35 .726 
1.47 8.42 .753 
1.42 8.10 .697 
1.47 8.'11 .788 
Grain 
____ -Marshall s11 t 10elll 
Putnam 9il t loam 
_______ Un1on s11 t 109 
Stover 
3.88 
3.26 
4.61 
3.98 
3.75 
4.89 
4.54 
4.71 
4.36 
4.93 
12345576910 
Plot 
Fig. 3.-Effect of Nitrate on . the Protein Con-
tent of Com (3 yr. avg.) 
Total 
pound. N 
removed 
per acre 
33.01 
39.08 
44.55 
34.06 
41.78 
54.60 
40.43 
41.15 
43.68 
37 . 28 
NITRATE OF SODA FClR FIELD CROPS 9 
that the protein content, so far as these field experiments are con-
cerned, was not sufficiently influenced by the nitrogen treatments 
to have a material effect on the product. As a consequence, the 
feeding value on the whole was not particularly increased. How-
ever, becaus,e of the increased yields, the total nitrogen removed 
per acre and, consequently, the total protein in the produce was 
naturallv increased. 
It i~ probable that the nitrogen applied in the mixed .iertilizer 
at corn planting time was not sufficiently heavy to give maximum 
returns and it is possible that the 1-3-1 ratio used was too wide fo·r 
best results. Future investigations may show that a much larger 
proportion of nitrogen to phosphate and potash may be more satis-
factory. 
The returns from the side dressings were quite promising, rang-
ing from 3.8 bushels to 8.7 bushels for the 100-pound application as 
an average for the different fields. It is believed that when the 
best methods and time of application of such side dressings are 
completely worked out, and when a moderate price readjustment 
has taken place, this· practice may come into rather wide use in 
the cornbrelt. It is also probable that for the mixed. fertilizer, in-
cluding nitrogen, better results may be secured from applications 
made in the hill or row than by applications over the whole surface 
of the ground with a fertilizer grain drill such as were used in these 
experiments. 
EXPERIMENTS WITH WHEAT 
The average yields of wheat on the fields of medium and low 
fertility were on the whole somewhat disappointing. The increas-
ed yields resulting from an application of nitrogen were, however, 
quite significant. particularly from treatments of 100 to 150 pounds 
of nitrate applied as a top dressing in early spring. The four per 
cent of nitrogen added to the 0-12-4 gave an average acre increase 
of about 3 bushels per field, which was quite satisfactory. On the 
whole, the highest wheat yields from all fields resulted from an 
initial application of 200 pounds of 4-12-4 followed by a top d'ress-
ing of 100 to' 150 pounds of nitrate applied in early spring. See 
Tables 7, 8, and 9, and Figures .1, and 5. 
TABLE 7.-THE EFFECT OF FERTILIZER TREATMENT ON THE YIELD OF WHEAT. 
ROANOKE FIELD (MARSHALL SILT LOAM) 
Pounds 
Bushels per Increase straw per Increase 
acre; 4 year due to acre; 4 year due to 
Plot Treatment average treatment average treatment 
1 Check_. ______________ _____________ 15.4 2210 
2 200 Ibs. 0-12-4 ____________ __ _______ 22.6 7.4 2412 336 
3 200 lb •. 4-12-4 _____________________ 23.7 8.8 2557 614 
4 Check __ ___________________________ 14.6 1810 
5 200 lb •• 0-12-4. 50 Ibs. nitrate ________ 25.6 10.4 2578 706 
6 200 lb •. 4-12-4. 50 lb •. nitrate ________ 28.3 12.5 3109 1175 
7 Chec k _____________________________ 16.4 1995 
8 200 lb •• 4-12-4.100 lb •. nitrate _______ 30.3 14 .9 3191 1207 9 200 lb • . 4-12-4,150 lb •• nitrate _______ 27.5 13 .1 3202 1228 10 Check _________ ______ ______________ 13.4 1964 ...-
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TABLE S.-THE EFFECT OF FERTILIZER TREATMENT ON THE YIELD OF WHEAT. 
WILLIAMSBURG FIELD (PUTNAM SILT LOAM) 
Pounds 
Bushels per Increase straw per I ncreasc 
acre; 3 year due to acre; 3 year due to 
Plot Treatment average treatment average treatment 
1 Check ___________ __ ________________ 10 .49 1212 
2 200 lb,. 0-12-4 _____________________ 13.04 2.35 1519 289 
3 200 lb •. 4-12-4 _____________________ 15 .89 5.00 1916 668 
4 Check _____________________________ 11.08 1267 
5 200 lb •. 0-12-4, 50 lb •. nitrate __ _____ _ 16 . 38 5 . 38 1980 691 
6 200 lb •. 4-12-4,50 lbs. nitrate ________ 18.36 7 .43 m~ 359 7 Check _____________________________ 10.86 
8 200 lb •. 4-12-4, 100 lb •. nitrate-- _____ , 22.48 11 .27 2813 1418 
9 200 Ibs. 4-12-4, 150 lbs . mtrate _______ 22.96 ll.40 3267 1810 
10 Check _____ ________________________ 11 .90 1519 
TABLE 9.:--THE EFFECT OF FERTILIZER TREATMENT ON THE YIELD OF WHEAT. 
Plot 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
JEFFERSON CITY FIELD (UNION SILT LOAM) 
Pound. 
Bushel. per Increase straw per 
:lcre; 3 year due to acre; 3 year 
Treatment average treatment average 
Check ___ _____________________ _____ 
200 lbs. 0-12-4 _____________________ 
200 Ibs. 4-12-4 _____________________ Check __ ______________ ____________ 
200 lb •. 0-12-4, 50 lb •. nitrate ________ 
200 lbs. 4-12-4, 50 lbs. nitrate ________ Check _____________________________ 
200 lb •. 4-12-4, 100 lb •. nitrate _______ 
200 lb •. 4-12-4,150 lb •• nitrate _______ Check_c ___________________________ 
30 
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Fig. 4.-Effect of Nitrate on the Yield 
of Wheat Grain (4 yr. avg.) 
910 
1308 
1673 
1034 
1608 
2100 
946 
2237 
2319 
820 
I ncreasc 
due to 
treatment 
357 
681 
604 
1125 
1333 
1457 
NITRATE OF SODA FOR FIELD CROPS 
320 
3000 
2800 
2600 
~ 2400 
" -<
... 2200 
" 
'" ~ 2000 
... 
t; 1800 
" 'll 1600 
" R. 1400 
1200 
1000 
800 
____ Marshall 511 t loam 
___ Putnam silt loam. 
______ .lJnion oil t loam 
Plot 
Fig. 5.-Effect of Nitrate on the Viele! of 
Wheat Straw (4 yr. avg.) 
11 
The total increase of straw for the various treatments was 
about in proportion to the increase in grain. On the whole, how-
ever, the increase in straw 0.11 the medium and poore'r lands was 
proportionatdy greater than on the good lanel. The heavier nitrate 
application was most significant in the yield of straw as compared 
to the yield of grain on the field of medium fertility. 
The influence of nitrate applications on the protein content of 
the wheat grain, at the rates at which the nitrate was applied in 
these field experiments, was insignificant. Even an application of 
150 pounds applied as a top dressing in early spring had little in-
fluence on the protein content although the yield was much increas-
ed. The effect on the straw was to decrease rather than increase 
the protein content, due evidently to the greater weight of straw 
produced. See Tables 10, 11, and 12, and Figure 6. 
An attempt w~ made to determine thei influence of time of 
top dressing wheat with nitrate on both yield and protein content, 
but owing to unfavorable weather conditions and damage from 
stock most of these results were unsatisfactory so that the tabular 
data are not reported. Generally speaking, applications of nitro-
gen early in the spring after the wheat has started are quite effec-
tive in increasing yields, but such applications do not materially 
affect the protein content of the grain. On the other hand, if these 
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TABLE lO.,-THE EFFECT OF FERTILIZER TREATMENT ON THE PROTEIN CONTENT OF 
. WHEAT. ROANOKE FIELD (MARSHALL SILT LOAM) 
Grain Straw TOlal 
Plot 
4 year average 4 year average pound. N 
Treatment removed 
%N I % protein %N % protein per acre 
1 
Check _________________________ 
2.19 12.50 .361 2.26 26.05 
2 200 lb •. 0-12-4 _________________ 1.88 10.73 .264 1.65 31. 88 
3 2eO lb •. 4-12-4 _________________ 1.93 11.05 .272 1. 70 34.51 
4 Check _________________________ 2.10 12.00 .364 2.28 16.28 
5 200 lb •. 0-12-4, 50 lb •. nitrate ____ 1.83 10 .48 .299 1.87 35.94 
6 200 lb •. 4-12·4, 50 lb •. nitrate ___ 1.95 11.17 .30R 1. 93 42.86 
7 Check _________________________ 2.16 12.32 .388 2.43 28.62 
8 200 lb •. 4-12-4, 100 lh •. mtrate ___ 2.11 12.04 .332 2.08 49.01 
9 . 200 lb •. 4-12-4,150 lb •. nitrate ___ 2.27 12.95 .395 2.47 63.76 
10 Check _________________________ 2.27 12.98 .500 3.13 28.14 
TABLE ll.-THE EFFECT OF FERTILIZER TREATMENT ON THE PROTEIN CONTENT OF 
WHEAT. WILLIAMSBURG FIELD (PUTNAM SILT LOAM) 
I 
Grain I Straw Total 
Plot 
3 year average 3 year average pound. N 
Treatment removed 
%N I % protein %N % protein per acre 
1 Check _________________________ 2.08 11. 86 .523 3.27 19.41 
2 200 lb •. 0-12-4 _________________ 2.00 11.44 .340 2.13 20.86 
3 200 lb •. 4-12-4 _________________ 1. 98 11. 31 .356 2.23 25.73 
4 Check _________________________ I. 90 10.86 .526 3.29 19.31 
5 200 lb •. 0-12-4, 50 lb •. nitrate ____ 1.89 10.82 .312 1.95 24.77 
6 200 lb •. 4-12-4, 50 lb •. nitrate ____ 2.01 11.51 .294 1.84 30.05 
7 Check. ________________________ 1.93 11.03 .553 3.46 20.15 
8 200 lb •• 4-12·4, 100 lb •. nitrate ___ 1.95 11.1.\ .384 2.40 37.18 
9 200 lb •. 4-12-4, 150 lb •. nitrate ___ 2.10 I 12.00 .368 2.30 41.00 10 Check _________________________ 2.05 11. 69 .572 3.58 23.34 
TABLE 12.-THE EFFECT OF FERTILIZER TREATMENT ON THE PROTEIN CONTENT OF 
WHEAT. JEFFERSON CITY FIELD (UNION SILT LOAM) 
Grain Straw Total 
Plot 
4 year average 4 year average pound. N 
Treatment removed 
%N % protein %N % protein per acre 
1 Check _________________________ 2.18 12.43 .748 4.68 16 . 33 
2 200 lb •. 0-12-4 _________________ 1.98 11 . 34 .387 2.42 19.86 
3 200 lb •. 4-12-4 ______ ___________ 1.87 10.69 .350 2.19 23.96 
4 Check _________________________ 2.07 11. 84 .550 3.44 17.89 
5 200 lb •. 0-12-4, 50 lb •. nitrate ____ 1.96 11. 20 .355 2.22 24.83 
6 200 lb •. 4-12-4, 50 lb •. nitrate ____ 1. 91 10.91 .332 2.08 29.73 
7 Check _________________________ 2.13 12.17 .443 2.77 14.44 
8 200 lb •. 4-12-4- 100 lb •. nitrate __ 1.93 11.05 .379 2.37 30.69 
9 200 lb •. 4-12-4, 150 lb •. nitrate ___ 2.07 11. 85 .372 2.33 34.59 
10 Check ____________________ _____ 2 . 13 12 . 13 .566 3 . 54 13.96 
applications are made late in the season the protein content of the 
grain is markedly increased, but the yield is very little influenced. 
This is in accord with the results of other experiments of like nat-
ure. An attempt to influence both the yield and protein content by 
dividing the nitrate between early and late applications brought no 
significant results. It is possible, however, that more prolonged 
and detailed exp.eriments along this line may bear fruit. 
NITRATE OF SODA FOR FIELD CROPS 
1 Grain 
\ \ /~ 
, 
\ 
" \, .,' 
\ V, 
cr'\/ 
______ --Marshall 
___ Putnam 
. ______ Unlon 
1 2 3 ... 5 6 7 a 9 10 
Plot 
Fig. 6.--Effect of Nitrate on the Protein 
Content of Wheat (4 yr. avg.) 
EXPERIMENTS WITH TIMOTHY 
13 
As is well known timothy lends itself very well to fertilizing 
with nitrate of soda. The results from the experiments 'here re-
ported represent no' exception to this general rule. (See Tables 13 
to 18 and Figures 7 and 8) . The most striking increase secured 
TABLE D.-THREE YEARS' RESULTS FROM TIMOTHY FERTILIZATION. ROANOKE 
FIELD (MARSHALL SILT LOAM) 
Plot 
Lb •. per Acre Average 
Treatment increase due 
1928 1929 1930 3 yr. average to treatment 
I Check _______________ 1325 2810 1540 1892 
2 200 lb •. 0-12-4 _____ __ 1625 4110 1830 2522 622 
3 200 lb •. 6-12-4 _______ 2025 4180 1950 2718 810 
4 Check-______________ 1400 3030 1320 1917 
5 50 lb •. nitrat e ________ 1900 3470 1820 2397 452 
6 100 lb •. nitrate. ______ 2350 3630 1880 2620 647 
7 Check _______________ 1350 3260 1390 2000 
8 ISO lb •. nitrate _______ 2700 4770 1850 3107 1041 
9 200 lb •. 6-12-0. ______ 1765 4280 I 1980 2675 543 10 Check _____________ __ 1040 4450 1100 2197 
was from an application of 150 pounds of nitrate applied alone as 
a top dressing in early spring, the averages from the three fields 
ranging from 1041 pounds on the field of high fertility to 1308 
pounds on the field of low fertility. There is little doubt that if 
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TABLE 14.-THREE YEARS' RESULTS FROM TIMOTHY FERTILIZATION WILLIAMSBURG 
FIELD (PUTNAM SILT LOAM) 
Plot Treatment 
Lb •. per Acre Average 
increase due 
1928 1929 1930 3 yr. average to treatment 
1 Check. _____________ _ 520 1104 744 789 
2 200 lb •. 0-12-L ___ __ _ 640 1040 704 795 20 
3 200 lb,. 6-12-4. ___ ___ 1+24 1616 lOBO 1373 612 
4 Check _____ ____ ___ __ _ 560 1000 680 747 
5 50 lb,. nitrate _____ ___ 1040 1640 880 1187 399 
6 100 lb •. nitrate _______ 1368 2080 1200 1549 720 
7 Check ________ __ _____ 688 960 960 869 
8 150 lb,. nitrate _______ 1720 2640 1496 1952 1135 
9 200 lb,. 6-12-0 _______ 1256 1840 1360 1485 721 
10 Check ________ _ 
- - ----
672 888 616 715 
-------._-- --
TABLE 15. - THREE YEARS' RESULTS FROM TIMOTHY FERTILIZATION JEFFERSON CITY 
FIELD (UNION SILT LOAM ) 
Lb •. per Acre Average 
Plot Treatment increase due 
1928 1929 1931 3 yr. average to treatment 
1 Check ____ ___ ________ 1024 603 660 762 
2 200 lb •. 0-12-4. ______ 1081 1328 2080 1496 540 
3 200 lb,. 6-12-4 ___ ___ _ 1883 1738 2000 1874 724 
4 Check _______________ 1154 1459 1420 1344 
5 50 lb •. nitrate ________ 1621 2344 2350 2105 751 
6 100 lb •. nitrate _______ 1842 2689 2630 2387 1023 
7 Check _______________ 1032 1303 1790 1375 
8 150 lb,. nitrate _______ 2415 3025 2490 2643 1308 
9 200 lb •. 6-12-0 _______ 1891 2189 2920 2333 1037 
10 Check _____________ __ 1195 1205 1370 1257 
TABLE 16.-EFFECT OF FERTILIZER TREATMENT ON PROTEIN CONTENT OF TIMOTHY. 
ROANOKE FIELD (MARSHALL SILT LOAM) 
-
Percent Protein Average lb •. 
Plot Treatment N removed 
1928 1929 1930 3 yr. average per acre 
1 Cheek _______________ 9.72 5.05 5.75 6.84 20.70 
2 200 lb •. 0-12-4 _______ 7.31 5.21 5.81 6.11 24 . 64 
3 200 lb •. 6-12-4 _______ 6.00 6.19 6.39 6.19 26.47 
4 Check _______________ 7.13 5.67 6.11 6.30 19.32 
5 50 lb •. nitrate ________ 5.50 4.94 5.21 5.22 20 . 01 
6 100 lb •. nitrate _______ 6.66 4.89 5.02 5.52 23.13 
7 Check _______________ 6.91 4.98 5.94 5.94 19.00 
8 150 lb •. nitrate _______ 6 . 25 5.45 6.09 5.93 29.48 
9 200 lb •. 6-12-0 _______ 5.81 5.18 5 .82 5 .60 23.96 
10 Check _______________ 7.06 6.06 5.69 6 . 27 22.03 
TABLE 17.-EFFECT OF FERTI!.IZER TREATMENT ON PROTEIN CONTENT OF TIMOTHY 
HAY. WILLIAMSBURG FIELD (PUTNAM SILT LOAM) 
Percent Protein Average lb • . 
Plot Treatment N removed 
1928 1929 1930 3 yr. average per acre 
1 Check. ______________ 6.53 4.66 5.89 5.69 7.18 
2 200 lb •. 0-12-4 _______ 7.18 6.32 5.25 6.25 7.95 
3 200 lb •. 6-12-4 _______ 5.50 4.80 5.72 5 . 34 11. 72 
4 Cheek _______________ 6.56 4.94 5 . 62 5.71 6.81 
5 50 lb •. nitrate ________ 5.97 5.82 5.24 5.68 10.79 
6 100 lb •. nitrate _______ 5.50 4,.65 5.36 5.17 12.81 
7 Check ______________ 6.91 5.16 5.40 5 . 82 8 .09 
8 150 lb •. nitrate _______ 4.72 4.66 5 .22 4 . 87 15.20 
9 200 lb • . 6-12-0 _______ 5.64 4,.50 4.90 5.01 11. 89 
10 Checle _______________ 7.06 5.11 5.76 5.98 6.84 
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TABLE lB.-THE EFFECT OF FERTILIZER TREATMENT ON PROTEIN CONTENT OF 
tIMOTHY HAY. JEFFERSON CITY FIELD (UNION SILT LOAM) 
Plot 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
-
Treatment 
Check. ______________ 
200 Ib,. 0-12-4 _______ 
200 Ib,. 6-12-4- ______ Check ____________ - __ 
50 Ib,. nitrate ________ 
100 Ib,. nitrate _______ Check _______________ 
150 lb •. nitrate _____ --
200 lb •. 6-12-0 _______ Check ______________ _ 
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Fig. B.-Effect of Fertilizer Treatments 
on the Protein Content of Timothy (3 yr. 
avg.) 
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larger applications had been made. the increases would have been 
still greater. 
It will be observed that the influence o'f the nitrogen fertilizer 
on the protein content of timothy hay was of little consequenc,~e. 
Even the 150 pounds of nitrate of soda applied in the spring had no 
influence in bringing about a larger protein content. As a matter 
of fact, the percentage of protein averaged less in the hay from 
this plot than in that from the two nearest untreated plots. It is 
quite evident that the 150-pound applicaion was too small to affect 
the protein content appreciably, although as shown elsewhere in 
this report, larger applications would ha.ve done so. 
EXPERIMENTS WITH PASTURES 
Five years results were secured with the use of nitrate of soda 
applied alone and in various' combinations with phosphate, potash, 
and lime, as a top dressing on bluegrass pasture land. The two 
tracts on which these experiments were conducted varied wideiy 
in fertility and in the stand of grass. The better one could be 
termed medium pasture and the other one poor pasture, each tract 
representing very large acreages in the state of Missouri. 
The treatments of the plots on medium pasture together with 
average yields are shown in Table 19 and Figure 9. The increases 
secured' from the various treatments varied from a very small re-
turn from the phosphate alone to an increase in oven-dry grass of 
between five and six hundred pounds where a combination of 6-12-0 
and heavy applications of nitrate were used. An average increase 
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Fig. 9.-Effect of Fertilizer Treatments on Yield of 
Grass on Medium Pasture (5 yr. avg.) 
TABLE 19.-EFFECT OF FERTILIZER TREATMENT ON THE YIELD OF PASTURE GRASS. PLOTS ON ·MEDIUM PASTURE 
Plot Treatment 
Check 
2 200 lb •. nitrate April 1 
3 150 lb •. nitrate May 10 Odd yr •. { 
400 lb •. 6-12-0 April 1 ~ 
100 lb •. nitrate June 10, Aug. 10 
150 lb •. nitrate April 1, May 10, June 10, Aug. 10 Even yr •. 
4 Check 
5 250 lb •• 20% Superphosphate Odd years 
~ 200 lb •. 6-12-0 April 1 } Odd s 6 100 lb •. nitrate May 10, Aug. 10 yr 
100 lb •. nitrate April 1, May 10, Aug. 10 Even yrs. 
7 Check 
8 200 lb •• 6-12-0 April 1 
100 lb •. nitrate May 10, June 10, Aug. 10 
9 200 lb •. 6-12-0 April 1 
10 Check 
11 100 lb • . nitrate April 1, June 1 
12 100 lb •. nitrate April 1, May 10, June 10, Aug. 10 
13 Check 
1927 
1938 
2253 
Lbs. dry matter per acre 
--1-1-1-1-1 I ~;:::;d~~-I~~~~~ 6-yr.avg. to treatment 1872 2026 597 2262 1394 1681 
2249 2446 892 2622 1379 1973 I 258 
2326 
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2408 
2457 
2679 
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3166 
3332 
2767 
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2914 
1197 
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979 
754 
3894 
1925 
1849 
2927 
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2453 
1741 
1302 
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1727 
1636 
2197 
2149 
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2008 
2365 616 
1784 
1878 34 
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2290 330 
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2529 502 
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of about 500 pounds of dry matter was secured where four applica-
tions of 100 pounds of nitrate alone were used while a 200 pounds 
spring application of nitrate brought an increase of over :300 pounds 
with a very similar return from 100 pounds in April and June. The 
G-12-0 application was quite effective, bringing an average increase 
of over 300 pounds where a 200 pound treatment was given. Un-
fortunately, such experiments give no definite information as to the 
economic return to be expected under pasturing, but they show def-
initely that if these dry weight figures were translated into gr,een 
feed the 6-12-0, supplemented· by nitrate of soda or even nitrate 
;Jone in liberal quantities, offers a good deal in increased pasturage 
on lands of this character. 
The returns from the treatment on the poor pasture are shown 
in Table 20 and in Figure 10. It will be observed that on the whole 
these are much less than those from the better pasture lands. The 
only increase of much significance is that from 300.pounds of 6-12-0 
plus 100 pounds nitrate in May and August on odd years and 100 
pounds nitrate in April, May, and August on even years. This in-
crease was approximately ;350 pounds, the second best return of 
about 175 pounds coming from an application of 100 pounds nitrate 
in April and June with a return of 170 pounds from 200 pounds of 
G-12-0 in April. 
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the Yield of Gras,s on Poor Pasture (5 yr. 
avg.) 
The average protein content of the produce for a five-year pe-
riod on the medium pasture and a four-year period on the poor 
pasture are shown in Tables 21 and 22, and Figures 11 and 12. All 
treatments resulted in increased protein content ranging from about' 
lYz to 3 per cent. On the whole the higher protein content of some-
thing over 19 per cent resulted from the heavier nitrate application 
on the medium pasture. The protein increases from the treat-
ments on the poor pasture ranged' from about 1Yz to 3 per cent al-
though the total protein was lower, the highest percentages run-
ning around 15 per cent. 
TABLE 20.-EFFECT OF FERTILIZER TREATMENT ON YIELD OF PASTURE GRASS. PLOTS ON POOR PASTURE 
Lbs. dry matter per acre Average in-
Plot Treatment ------,------ crease due 
1927 1928 1929 1930 1931 5-yr. avg. to treatment 
------
---
I Check 1135 1265 685 235 1536 971 
2 100 lb • . nitrate April 1 1223 1263 790 247 1631 1029 45 
3 100 lb • . nitrate April 1, June 10 1342 1349 796 257 2127 1174 177 
4 Check 1171 1111 664 196 1908 1010 
: ~ 200 Ib,. 6-12-0 April I 1442 1303 1 112 277 1902 1207 170 300 lb • . 6-12-0 April I } Odd rs 100 lb •. nitrate May 10. Aug. 10 y 1240 100 lb •. nitrate April I, May 10, Aug. 10 Even yr •. 1589 1471 343 2447 1418 354 
7 Check 1348 1152 678 2M 2020 1092 
8 250 lb • . 20% Superphosphate Odd yrs. 1310 1255 1340 285 1887 1215 97 
9 { 250 lb • . 20 % Superphosphate Odd yn. 1540 Lime 1927, 1933 1253 1491 353 1580 1243 99 
10 Check 1127 1221 781 312 2411 1170 
------ -----
TABLE 21.-THE EFFECT OF FERTILIZER TREATMENT ON THE PROTEIN CONTEK"T OF PASTURE GRASS. PLOTS ON MEDIUM PASTUJ!.E 
Percent Protein Lb •. N 
Plot Treatment ---
1929 i 1930 ---' removed 1928 1931 1932 5-yr. avg. per acre 
1 Check 16.20 18.44 15.14 16.14 15.78 16.34 43.96 
2 200 lb • . nitrate April 1 17.36 20.01 17.74 19.30 17.21 18.32 57 . 85 
3 { 
400 lb •. 6-12-0 Apnl I ~ 
150 lb •. nitrate ]\-Iay 10 Odd yn. 15.51 20.84 19.M 21.50 19.08 19.31 73.05 
100 lbs. nitrate June 10, Aug. [0 
150 lb •. nitrate April I , May 10, June 10, Aug. 10 Even yrs. 
{ Check H.43 18.82 16 . 16 16.66 15.31 16.28 46,43 
5 250 lb •. 20 % Superphosphate Odd yrs. 15.54 19.91 15.20 16.58 18.45 17 . 14 51.47 
6 ~ 200 lb •. 6-12-0 April 1 I Odd rs 100 lb •. nitrate May 10, Aug. 10 y 
I 
lOe Ibs. nitrate April I, May 10. Aug. 10 Even yr>. 16.30 21.18 18.51 18.86 16.95 18.36 64,49 
7 Check IS .56 19.99 15.23 16.36 16.89 16.81 50 . 41 
8 { 200 lb •. 6-12-0 April I 100 lb •. nitrate May 10, June 10. Aug. 10 I i6.21 i?:H 19.68 19.59 18.58 18.88 74.67 9 WO lb •. 6-12-0 April 1 17,49 17 . 10 16.8~ 18.46 18.24 66.85 10 Check 16.26 ~0.08 15 .73 15.66 16 .08 16.76 53 . 81 
11 100 lb • . nitrate April I, June 1 I 17.14 20.49 17.67 18.0 .. 16.83 IS.03 66.98 12 100 Ibs. nitrate April I, May 10, June 10, Aug. 10 17.18 20 .99 18.83 19.63 17.87 18.90 76,47 
13 Check I 15 . 32 19.92 15.96 16.04 15.01 16.45 53.64 
z 
~ 
:>-
>-l 
t'l 
o 
"'l 
(fJ 
o 
t:l 
:>-
"'l 
o 
~ 
:31 
t'l 
G 
n 
~ 
o 
"0 
if. 
>--" 
\0 
Plot 
1 
2 
3 
4 
5 
6 ~ 
7 
8 
9 { 
10 
TABLE 22.-EFFECT OF FERTILIZER TREATMENT ON PROTEIN CONTENT OF PASTURE GRASS PLOTS ON POOR PASTURE 
Percent Protein Average lb •. 
Treatment N removed 
1928 1929 1930 1931 4-yr. avg. per acre 
Check 13 .05 14.19 14.64 13.73 13 .90 21.59 
100 lb •. nitrate April 1 12.16 15.52 16.13 13.95 14.44 23 . 77 
100 lbs. nitrate April 1, June 10 13.73 14.47 16 . 67 13.66 14.63 27.47 
Check 11. 39 13 .57 15 . 18 11.32 12 . 86 20.77 
200 lb •. 6-12-0 April 1 Odd yrs. II. 86 16.63 17.47 12 .98 14.73 28.42 
200 lb •. 6-12-0 April 1 IOdd 
14 .44 16.10 17 .00 15.26 15.70 35.59 100 lb •. nitrate May 10, Aug. 10 yrs. 
100 lb • . nitrate April 1, May 10, Aug. 10 Even yrs. 
Check 10 . 39 
I 
13.46 15 .03 12.67 12 . 89 22.51 
250 lbs. 20 % Superphosphate April 1 Odd yrs. 13.51 17. 83 13.14 12 .00 14.12 27.45 
250 lb •. 20% Superphosphate April 1 Odd yrs. 
2 T Lime 1927 13.87 19.94 12.45 12.59 14.71 29.24 
Check 10 . 88 13.73 13 .72 10 .93 12.3 1 23.03 
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Fig. ll.-Effect of Fertilizer Treatments on Protein 
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Fig. 12.-Effect of Fertilizer Treatments 
on the Content of Protein of Grass on Poor 
Pasture (5 yr. avg.) 
21 
It is of importance to note that the phosphate alone, or the 
phosphate and lime, on the poor pasture brought in considerable 
quantities of white clover, as is usually the case, thus resulting in 
a material increase in the protein content although the increase in 
yield was rather small. Somewhat the same thing occurred on the 
medium pasture although to a much less degree. The average in-
crease in total protein from these 'heavier nitrate treatments was 
around 155 pounds per acre while the o'ne plot in the poor pasture 
receiving a heavy nitrate application yielded an increase of only 
about 95 pounds. Such increases are not exceptionally large but 
accompanying the increased yields of pasture, as they do, they are 
quite significant. 
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On the whole these nitrate treatments offer much encourage-
ment for the better pasture although for the poor pasture where 
the stand of bluegrass is deficient it is doubtful if much can be ex-
pected economically. On such pastures it is probably more im-
portant to use treatments such as phosphate or possibly lime in some 
cases which will improve the growth of white clover and which 
probably later will have a marked influence in bringing a better 
stand of bluegrass. There is little doubt that the close cutting 
of all these plots with the lawn mower is so unnatural that the 
results are not comparable with what might have been secured Un-
der grazing yet they give a very.good indication of the comparative 
influence of the treatments. 
SPECIAL INVESTIGATIONS COVERING THE NITROGEN 
CONTENT OF CROPS AS INFLUENCED BY HEAVY 
NITRATE FERTILIZATION 
The declining cost of nitrogen lends encouragement to the 
theory, sometimes advanced, that heavy applications of nitrogen 
may so change the nitrog,en content of crops as to markedly increase 
their feeding value. However, it is not entirely clear that all the 
excess nitrogen which such fertilized crops may contain is in the 
form of digestible protein. The nitrogen content of the crops 
gro\vn on the regular experiment fields used in this investigation 
as reported in the previous tables \vas not materially influenced 
by moderate applications of nitrog,en, except in the case of wheat 
grain where the nitrogen was applied late in the growing season. 
It was therefore considered worth while to carry out some special 
investigations in which very larg.e amounts of nitrogen would be 
applied so as to determine the influence upon the nitrogen content 
of the crop. These included some investigation with corn, some 
with timothy, and some with soybeans. However, the nitrogen 
content of the soybeans was only slightly affected by heavy nitrogen 
applications. The same was true in the case of the! rather small 
amount of work done with corn in the field. However, where corn 
was grown in the greenhouse, very marked increases in nitrogen 
content were brought about through heavy nitrogen fertilization. 
The same was true of timothy when top dressed in the field in the 
spring. 
INVESTIGATIONS WITH CORN IN THE GREENHOUSE 
Greenhouse pots were used for studying the nitrogen content 
of corn receiving heavy applications of nitrate because of the ease 
of control and the possibility of securing maximum feeding. Two 
sets of data are available from each of two soils, the Putnam silt 
loam and the Genesee fine sandy loam. These pots were run in 
duplicate, each receiving an ad'ditional treatment of 300 pounds of 
NITRATE OF SODA FOR FIELD CROPS 23 
2-12-4 supplemented by nitrate applications at different stages of 
growth. The rates of application and the time of applying the 
nitrate, together with the results secured are shown in Table 23 
and Figure 13. It will he seen that the yields from the early ap-
• 
TABLE 23;-THE EFFECT OF SODIUM NITRATE ON THE YIELD AND PROTEIN 
IN CORN GROWN IN GREENHOUSE 
Grams dry weight per plot Percent Protein 
Plot Treatment 
1 
2 
3 
4 
5 
6 
7 
No trea tmenL _________________ ____ 
400 lb •. NaNO. when 1 ft. high ______ 
800 lb •. NaNO. when 1 ft. high ______ 1 
1600 lb •. NaNO. when 1 ft. high- ____ 
400 lb •. NaNO. when 2 ft. high ______ 
800 lb •. NaNO. when 2 ft. high- _____ 
1600 lb •. NaNO. when 2 ft . high __ . __ 
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51.8 144 .9 10.26 
50.8 104.4 6.98 
59.4 94.0 8 .58 
56 . 1 120 .0 10.42 
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Fig. 13.-Effect of Nitrate of Soda on the Protein Con-
tent of Corn Grown in Greenhouse. 
Genesee 
3.31 
4.46 
5.69 
8.73 
6.55 
9.40 
11.08 
plications of nitrate on the Putnam silt loam were approximately 
the same regardless of the quantity used. However, for the later 
application both the yield .and the protein content (nitrogen times 
6.25) were increased, the 800 pound treatment giving the maximum 
yield. The increase in protein with heavier applications of nitrate 
is somewhat more consistent than the increase in yields, the protein' 
ranging from 3.09 per cent for the untreated pot to 10.26 per cent 
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for the heaviest application applied when the corn was a foot high. 
Similarly the heavy application when the corn was two feet high 
resulted in a protein content of 10.42 per cent. 
On the Genesee fine sandy loam the increase in yield is some-
what more c01'lsistent with the increase of nitrate, applications 
than in the case of the Putnam silt loam. However, the spread in 
the increase in the protein content for the different applications 
when the corn was a foot high is not quite so great, ranging from 
3.31 per cent for the untreated to 8.73 per cent for the heavy ap-
plication. In the case of the heavy application made when the corn 
was two feet high the protein content reached 11.08 per cent. 
These r,esults show very clearly that under proper conditions 
the protein content of a crop like corn may be very markedly in-
creased by heavy side applications of nitrate of soda. To what 
extent this may be applicable to field conditions is uncertain as the 
field experiments which were carried out did not result in any great 
change in the protein content of the crop. 
SPECIAL INVESTIGATION OF THE NITROGEN CON-
TENT OF TIMOTHY TOP DRESSED WITH NITRATE 
OF SODA 
Several investigators have found that when such forage crops 
as timothy and Sudan grass are liberally supplied with nitrogen 
fertilizers both the quantity of hay and the content of nitrogen may 
be markedly influenced. The experiment here r,eported was plan-
ned to compare medium, large, and very large applications of ni-
trate of soda in their effect on the yield and nitrogen content of tim-
othy grown in a timothy meadow. 
The experiment here reported represents one year's work only, 
having been carried out during the summer of 1932. However, the 
plots were run with three replications and the results are so positive 
in character as to be w;orth reporting at this time in spite of their 
short duration. Table 24, shows the plan of treatment for the va-
rious plots along with the yields and the protein co·ntent secured. 
The results are shown graphically in Figures 14, 15, and 16. 
It will be seen that the increases in yields due to the heavier 
nitrate applications are really very large although the difference in 
yield is much greater between the untreated plots and the 400 pound 
application of nitrate than between any two nitrate . applications. 
The results show that nitrate applied when the timothy was 4 inches 
high was appro·xima tely as effective in increasing the yields as was 
this same treatment applied early and then applied again when the 
timothy was in the booting stage. It will also be observed that the 
nitrate applied when the timothy was in the booting stage had lit-
tle influence on the total yield, but much influence on the protein 
content. 
500 
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TABLE 24.-THE EFFECT OF SODIUM NITRATE ON THE YIELD AND PROTEIN 
CONTENT OF TIMOTHY 
Plot 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Treatment 
No treatment 
400 lb •. N aNO. applied when 4 in. high 
800 lb •• NaNO, applied when 4 in. high 
1200 lb •. NaNO. applied when 4 in. high 
No treatment 
400 lb •. N aNO. applied when 4 in. high 
400 lb •. NaNO. applied when booting __ 
800 lb •. NaNO, applied when 4 in. high 
800 lb •. NaNO. applied when booting 
1200 lb •. NaNO. applied when 4 in. high 
1200 lb •. N aNO. applied when booting 
No treatment 
400 lb •. N aNO. applied when booting 
800 lb •. N aNO. applied when booting 
1200 lb •. NaNO. applied when booting 
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moved per 
per acre (lb •. ) Percent Protein acre (Ib, .) 
---------------------
Cut Cut Cut Cut Cut Cut 
when when when when when when 
boot- bbom- boot- bloom- boot- bloom-
ing ing ing ing ing ing 
---------------
875.8 2167.1 8 . 39 6.64 10.72 21. 33 
3257 . 3 5495 . 9 11.05 6 .62 53.14 53.24 
3536.6 5549 .5 14.10 8.57 73.61 69.14 
4385.5 6226.4 15.22 8.97 98.46 81.44 
1146.1 2698.8 8.47 6.68 14 .39 26.49 
5877.9 8.82 76.04 
6110.3 9.35 83.60 
6054.4 10.42 92 .3 7 
2289.9 6.70 22 .55 
2625. 1 11.42 43.68 
2493.2 1Z.29 44.87 
3076.3 , 11.90 53.13 
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Fig. l4.-The Effect of Nitrate of Soda on the Yield of Timothy. 
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Fig. I6.-Effect of Nitrate of Soda on the Total Nitrogen Removed in Timothy_ 
The figures show that the curves representing yields of hay 
when cut in the booting and blooming stages respectively are quite 
similar in their general relationships although the yields were much 
lower when the timothy was cut in the booting stage and also when 
the nitrate :was applied late_ Where.,only one application was giv-
en the maximum yield was secured when the heaviest treatment 
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was applied during the early period of growth and the hay cut at 
the blooming stage. I t will be observed that the increase in this 
case amounted to about two tons of timothy hay per acre from an 
application of 1200 pounds of sodium nitrate made when the timothy 
was 4 inches high. 
One of the interesting results of this investigation "'las the 
manner in which sodium nitrate applied early and in large amounts, 
stimulated the growth of hay under drought conditions. The rain-
fall during the principal part of the growing season of the timothy 
was very deficient and it will be observed that the untreated plot 
yielded scarcely more. than a ton per acre as compared with a three-
ton yield from the heaviest nitrate applications. The difference in 
growth was very noticeable throughout the growing season. The 
timothy on all the nitrate plots continued to grow and maintained 
a dark green color, even though the moisture content of the soil 
was extremely low during the greater part of this time. On the 
other hand, the timothy on the untreated plots r,emained yellow and 
stunted throughout the period. 
Samples from the untreated ancJi fertilized plots show that the 
protein content was much higher when the hay was cut in the boot-
ing stage than when it was cut later. These data are similar to 
the results secured in other investigations. The protein content 
of hay cut in the booting stage was almost doubled by the applica-
tion of 1200 pounds of sodium nitrate applied when the timothy 
was four inches high. This range is from 8.39 per cent for the un-
treated plot to 15.22 per cent for the heavy application. Where 
the nitrate was applied when the timothy was four inches high and 
the: hay harvested in the blooming stage, the increase in protein 
was not nearly so great as when harvested in the booting stage. 
The rang.e in this case is from 6.64 per cent fo,r the untreated plot 
to 8.97 per cent for the heavy application. 
An application of either four, eight, or twelve hundred pounds 
of nitrate applied when the timothy was booting almost doubled the 
protein content of the hay harvested when the crop was in bloom. 
The range in this case was from 6.70 per cent for the untreated plot 
to around 12 per cent for the two heavier treated plots. However, 
the increase in yield was only 787 pound's for the heaviest nitrate 
application. 
As to the quantity of nitrogen removed in crops it will be ob-
served that on the unfertilized plots more nitrogen was removed 
when the timothy was cut in the blooming stage than when cut in 
the booting stage, as would be expected. The largest amounts of 
nitrogen removed were from those plots receiving both an early: and 
a late application of nitrate. This also would be: expected since 
in these cases the nitrogen applications were doubled. The small-
est quantities of nitrogen removed from the nitrated plots were 
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from the nitrate application at the booting period. This of course 
is largely explained by the smaller amount of total produce. 
Generally speaking, it may be said of these results that the 
nitrate was v.er)' effect ive in reducing the water requirement of 
timothy and that 400 pounds of the nitrate was almost as effective 
as the eight and tv.!el ve hundred pound applications in increasing 
yields. It may also be observed that the nitrate applied in the 
booting stage increased the yields but slightly although these late 
applications resulted in large increases in protein content. It will 
be observed that a high protein content of the hay can be secured 
most economically by applying liberally of the nitrate early and 
harvesting the hay eady. In this case the protein content of the 
timothy was approximately equal to that of the legume hay al-
though the: total hay yield was only about two-thirds as great as 
when the hay was cut at the blooming stage. 
SUMMARY 
1. Investigations covering the influence of nitrate of soda on 
corn, wheat, timothy, and pasture grass were carried out during 
a period of five years. 
2. Moderate applications of nitrate of soda applied to corn at 
planting time along with a standard application of phosphate and 
potash increased the yields approximately a bushels per acre. It 
is probable that the nitrogen thus applied was' not in sufficient quan-
tity for maximum returns. 
3. The returns from 100-pound side dressings of nitrate of 
soda to corn when the plants were around a foot high were quite 
satisfactory. Where the nitrate was applied along with a 300-pound 
application of 0-12-4, the additional increases on the different fields 
ranged from 5.4 to 7.8 bushels, 'while a similar application alone gave 
increases from 3.8 to{) 8.7 bushels. The 50-pound side dressing was 
too small to give satisfactory returns. It is possible that side: dress-
ings above 100 pounds might have given the most satisfactory re-
turns. 
4. On the wheat crop the use of nitrate of soda to supply the 
four per cent of nitrogen in a 200-pound application of 4-12-4-
brought an average increase from all fields of about three bushels 
when compared with a 200-pound application of 0-12-4, which was 
quite a satisfactory incr.ease. Additions of 50, 100, and 150 pounds 
of nitrate as a top dressing in I!arly spring following a fall applica-
tion of 200 pounds of 4-12-4 brought additional increase averages 
from 3113 bushels, 5}':! bushels, and 5,Y2 bushels for the 50, 100, and 
150-pound treatments, respectively. It is likely that if nitrate top 
dreRsings of around 100 pounds per acre had been applied only on 
those seasons when the wheat was backward in the spring the aver-
age returns would have been greater. 
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5. The use of nitrate of soda with timothy in the regular field 
experiments brought most significant returns when used as a top 
dressing in the spring. The average increase from the three ex-
periment fields was 534, 796, and 1161 pounds per acre from the 
50, 100, and 150-pound applications, respectively. 
6. No significant increases in the protein content of corn, 
wheat, or timothy hay were secured from the nitrate applications 
llsed in these field experiments. It is evident that the applications 
were too small to bring about such changes. 
7. Five years' data were secured from the use of nitrate of 
soda on two pastures, one of medium quality and the other of poor 
quality. Applications of nitrate ranging from 200 to 500 pounds 
per acre in the case of the medium pastures brought increases in 
dry matter ranging from 300 to 500 pounds, while nitrate added 
with phosphate in the form of a 6-12-0 fertilizer was very effective 
in increasing the grass yields. On the poor pasture the returns 
from nitrate were less significant since in this case there was 
less grass to stimulate. The mo~t satisfactory return was from 
nitrogen combined with phosphate in the form of a 6-12-0 fertilizer 
followed by moderate nitrate top dressings. 
8. The increase in the protein content of the pasture herbage 
from the use of heavy nitrogen applications was quite significant, 
averaging about 3 per cent from the heavier applications and hring-
ing a maximum of 19 per cent total prote.in in the case of the me-
dium pasture grass; and 15 per cent for the poor pasture grass. 
9. Special investigations designed to determine the influence 
of very heavy applications of nitrate on the protein content of crops 
gave little return on corn or soybeans in the field. In case of corn 
plants grown in the gTeenhouse, however, the protein content (ni-
trogen x 6.25) was increased from about :3 to 1034 per cent for the 
corn on one soil type and from 31/: tOI 8y,1 per cent for the corn Oll 
~mother soil type, when heavy nitrate applications were made at the 
time the corn was! a foot high. A similar maximum protein per-
centage was reached when the heavy nitrate applications were made 
at the time the corn was two feet high. 
10. A special single season experiment, designed to determine 
the effect of heavy applications of nitrate as a top dressing on a 
timothy meadow in the spring, brought a maximum increase of two 
tons of hay where the nitrate was applied early and the hay harvest-
ed at the blooming stage. However, in this case applications up to 
1200 pounds of nitrate showed little increase in the, protein content 
of the hay. When heavy applications of nitrate were made in the 
spring and the hay cut in the booting stage, 'tHe increase inl the hay 
yield was approximately 3500 pound's and the protein content reach-
ed 15.22 per cent as compared with 8.35 per cent in the hay from 
the untreated plot. Heavy applications of nitrate made in the boot-
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ing stage gave small increases in yield when the hay was cut at 
the blooming period but the protein content was increased to about 
12 per cent. On the whole it appears that the heavier nitrate ap-
plications applied early may markedly increase the hay yield even 
when the crop is cut in the booting stage while the protein content 
may be increased to approximate that of legumes. 
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